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FEATURE CALCULATION DEVICE,
FEATURE CALCULATION METHOD, AND
COMPUTER PROGRAM PRODUCT

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-286047,
filed on Dec. 27, 2012; the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a feature
calculation device, a feature calculation method, and a com-
puter program product.

BACKGROUND

Atechnology is known in which the features of the shape of
a single stroke of a character or a drawing, which is written by
hand by a user, are represented by the curvature of the shape.

In the abovementioned conventional technology, at each
point constituting a point sequence, an expectation value of
the curvature of the shape identified by the point sequence is
calculated with the point as the reference; and feature quan-
tities that represent the dimensionality of the points consti-
tuting the point sequence are extracted so as to represent the
features of the shape identified by the point sequence. For that
reason, in the abovementioned conventional technology, the
dimensionality of the feature quantities is high and the vol-
ume of data increases.

Moreover, in the abovementioned conventional technol-
ogy, the features of a point sequence group, which is a set of
point sequences, cannot be represented directly. Thus, in
order to represent the features of the entire point sequence
group, the features of each point sequence constituting the
point sequence group are extracted. As a result, the volume of
data goes on increasing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s aconfiguration diagram illustrating an example of
a feature calculation device according to a first embodiment;

FIG. 2 is an explanatory diagram illustrating exemplary
methods of setting a reference point according to the first
embodiment;

FIG. 3 is an explanatory diagram illustrating an exemplary
method of setting a reference point according to the first
embodiment;

FIG. 4 is an explanatory diagram illustrating an exemplary
method of setting a reference point according to the first
embodiment;

FIG. 5 is an explanatory diagram illustrating an exemplary
method of setting a reference point according to the first
embodiment;

FIG. 6 is an explanatory diagram illustrating an exemplary
method of selecting pairs of points according to the first
embodiment;

FIG. 7 is an explanatory diagram illustrating an exemplary
method of selecting pairs of points according to the first
embodiment;

FIG. 8 is an explanatory diagram illustrating an exemplary
method of calculating an angle according to the first embodi-
ment;
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FIG. 9 is an explanatory diagram illustrating an exemplary
method of calculating an angle according to the first embodi-
ment;

FIG. 10 is an explanatory diagram illustrating an exem-
plary method of calculating an angle according to the first
embodiment;

FIG. 11 is a diagram illustrating an example of a co-occur-
rence histogram according to the first embodiment;

FIG. 12 is a flowchart for explaining an exemplary feature
calculation operation performed according to the first
embodiment;

FIG. 13 is a configuration diagram illustrating an example
of a feature calculation device according to a second embodi-
ment;

FIG. 14 is a flowchart for explaining an exemplary feature
calculation operation performed according to the second
embodiment; and

FIG. 15 is a diagram illustrating an exemplary hardware
configuration of the feature calculation device according to
the embodiments and a modification example.

DETAILED DESCRIPTION

According to an embodiment, a feature calculation device
includes an obtaining unit, a first calculator, and a second
calculator. The obtaining unit is configured to obtain a point
sequence group comprising a set of point sequences in which
a sequence of a plurality of points is fixed. The first calculator
is configured to, for each of the point sequences in the point
sequence group, calculate a plurality of values related to a
curvature of a shape of the point sequence, with a reference
point of the point sequence as a reference, and calculate
feature quantities based on the plurality of calculated values.
The second calculator is configured to calculate a histogram
representing a distribution of the feature quantities of each of
the point sequences.

Various embodiments will be described below with refer-
ence to the accompanying drawings.

First Embodiment

FIG.1is a configuration diagram illustrating an example of
a feature calculation device 10 according to a first embodi-
ment. As illustrated in FIG. 1, the feature calculation device
10 includes an input unit 11, an obtaining unit 12, a first
calculating unit 13, a second calculating unit 15, and an
output unit 17.

The inputunit 11 can be implemented using an input device
such as a touch-sensitive panel, a touch-pad, a mouse, or an
electronic pen that enables handwritten input. The obtaining
unit 12, the first calculating unit 13, the second calculating
unit 15, and the output unit 17 can be implemented by execut-
ing computer programs in a processor such as a central pro-
cessing unit (CPU), that is, can be implemented using soft-
ware; or can be implemented using hardware such as an
integrated circuit (IC); or can be implemented using a com-
bination of software and hardware.

The input unit 11 is used to input a point sequence group
(i.e., a plurality of point sequences), which is a set of point
sequences in which the sequence of a plurality of points is
fixed, to the feature calculation device 10. In the first embodi-
ment, the input unit 11 is used to input handwritten data,
which indicates the data of a character or a drawing written by
hand by a user, as the point sequence group to the feature
calculation device 10.

In the first embodiment, it is assumed that the input unit 11
is a touch-sensitive panel, and that a user inputs handwritten
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data by writing a character or a drawing on the touch-sensitive
panel by hand using a stylus pen or a finger. However, that is
not the only possible case. Alternatively, for example, the
input unit 11 can also be implemented using a touch-pad, a
mouse, or an electronic pen.

The handwritten data is composed of a set of strokes (as an
example of point sequences). Herein, “stroke” points to a
stroke of a character or a drawing that is input in handwriting
by the user, and represents data of the locus from the time
when a stylus pen or a finger makes contact with the input
screen of the touch-sensitive panel until it is lifted from the
input screen (i.e., locus from a pen-down action to a pen-up
action). For example, a stroke is expressed as time-series
coordinate values, such as {(x,,¥,), X,, ¥5), - - -, (X,, ¥,)}, of
the contact points of the stylus pen or a finger with the input
screen.

The obtaining unit 12 obtains the point sequence group that
is input from the input unit 11. In the first embodiment, the
obtaining unit 12 obtains handwritten data, which is a set of
strokes, as the point sequence group from the input unit 11.

The first calculating unit 13 calculates, for each of a plu-
rality of point sequences constituting the point sequence
group obtained by the obtaining unit 12, a plurality of values,
which is related to the curvature of the shape identified by the
point sequence, with the reference point of the point sequence
as the reference; and calculates feature quantities based on the
calculated values. More particularly, for each of a plurality of
point sequences, the first calculating unit 13 calculates a first
feature quantity to a C-th feature quantity (where Cz1) as the
feature quantities.

In concrete terms, firstly, with respect to a point sequence
P{p,, ... Dnaves ) that constitutes the point sequence group,
the first calculating unit 13 sets areference point p,. In the first
embodiment, it is assumed that each point p constituting the
point sequence P is represented as a two-dimensional coor-
dinate having x-coordinate and y-coordinate. However, that is
not the only possible case. Alternatively, each point p can be
represented as a one-dimensional coordinate or as a coordi-
nate having three or more dimensions.

Herein, with respect to the point sequence P, the first cal-
culating unit 13 can set the reference point p,, in an arbitrary
manner. That is, the first calculating unit 13 can set the refer-
ence point p, to any one point that constitutes the point
sequence P or to a point other than the points constituting the
point sequence P. For example, as illustrated in FIG. 2, the
first calculating unit 13 can set the reference point p, to the
center point of the point sequence P. Alternatively, as illus-
trated in FIG. 3, the first calculating unit 13 can set the
reference point p,, to the gravity point of the point sequence P.
Still alternatively, as illustrated in FIG. 4, the first calculating
unit 13 can set the reference point p,, to the start point of the
point sequence P. Still alternatively, as illustrated in FIG. 5,
the first calculating unit 13 can set the reference point p, to the
end point of the point sequence P.

Subsequently, from N number of points p that constitute
the point sequence P, the first calculating unit 13 selects a pair
of two points p, and p, for M (M=1) number of times. Herein,
the first calculating unit 13 can select the pair of points p, and
p, in an arbitrary manner for M number of times.

For example, as illustrated in FIG. 6, from a center point
Par2 of the point sequence P, the first calculating unit 13 can
shift one point at a time on both sides for M number of times
and select the pair of two points p, and p,, for M (M=1) number
of'times. In this case, in the selection for the first time, points
Px=Para—1 @and p, =Py, are selected. Then, in the selection
for the second time, points p,=py,_» and p,=py.,., are
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selected. Thus, in the selection for the M-th time, points
P Prrz_ara0d P, =Pz are selected.

Alternatively, for example, as illustrated in FIG. 7, from a
start point p, as well as an end point p,, of the point sequence
P, the first calculating unit 13 can shift one point at a time on
the inward side for M (M=z1) number of times and select the
pair of two points p, and p,, for M number of times. In this
case, in the selection for the first time, points p,=p, and p,=p,
are selected. Then, in the selection for the second time, points
PP, and p =p,, , are selected. Thus, in the selection for the
M-th time, points p,=p,,and p,=py._ ., are selected.

Still alternatively, for example, the first calculating unit 13
can select the pair of two points p, and p,, in a random manner
for M (M=z1) number of times from the point sequence P. In
this case, the first calculating unit 13 can use a p, random
number generator and a p, random number generator that
randomly return a value between 1 to N. Herein, the random
number generators can be implemented using either software
or hardware.

Subsequently, for each of M number of pairs of the points
p. and p,, the first calculating unit 13 calculates an angle 6,
(an example of the value related to the curvature) that is
formed by the reference point p,, the point p,, and the point
p,; and thus obtains M number of angles 6, (6, . . ., 0,,).
More particularly, the first calculating unit 13 sets a vector
PP —>=(Xs V5,), Which joins the reference point p, and the
point p,, and sets a vector p,p,—>=(X;,, ¥,,), which joins the
reference point p, and the point p,, to thereby calculate the
angle 6, formed by the two vectors.

Herein, the angle 0, , can be obtained using the inner prod-
uct, the cross product, or the inverse function of tan. For
example, in the case of obtaining the angle 0, , using the inner
product, Equations (1) and (2) are used. In the case of obtain-
ing the angle 0, , using the cross product, Equations (3) and
(4) are used. In the case of obtaining the angle 8, using the
inverse function of tan, Equation (5) is used.

®

PoPx " PpPy

costy, =
[po pxllPo Pyl

8, = arccos(costy,) 2)
BoF X Pl 3)
cing, < PP X PP
[P Px1IPb Py
6, = arcsin(sinf,) 4)
- 5
Oy = arctan(—yby ybx] ©)
Xby — Xbx

For example, assume that the first calculating unit 13 sets
the reference point p, to the center point p,,, of the point
sequence P (see FIG. 2); and shifts one point at a time on both
sides of the center point p,,, of the point sequence P for M
number of times, to thereby select the pair of two points p_and
p, for M number of times (see FIG. 6).

In this case, in the selection for the first time, the points
Px=Para—1 and p,=pyys., are selected. Hence, as illustrated in
FIG. 8, the first calculating unit 13 calculates the angle 6,
formed by the points py;,_;; Pays, a0d Py, @s the angle 6.
Then, in the selection for the second time, the points
PxPwr2_o and P, =Py, are selected. Hence, in an identical
manner, as illustrated in FIG. 9, the first calculating unit 13
calculates the angle 8, formed by the points py;»_, Payas and
Darz+2 as the angle 6, . Then, in the selection for the third
time, points p,=pay,_s and p,=py;», 5 are selected. Hence, in
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an identical manner, as illustrated in FIG. 10, the first calcu-
lating unit 13 calculates the angle 0, formed by the points
Pav2-3> Pavrzs 804 Py, 5 as the angle 0,

Subsequently, the first calculating unit 13 extracts feature
quantities based on the M number of angles 6, . The feature
quantities can be considered to be from the first feature quan-
tity to the C-th feature quantity; and each feature quantity can
be set to be, for example, at least any one of the average of the
M number of angles 8, , the dispersion of the M number of
angles 0, , the standard deviation of the M number of angles
8,,, the largest value among the M number of angles 8, , the
intermediate value among the M number of angles 6, , and
the smallest value among the M number of angles 8,

Herein, an average § of the M number of angles 6, is
obtained using Equation (6); a dispersion s> of the M number
of angles 8, is obtained using Bquation (7); and a standard
deviation s of the M number of angles 8, is obtained by
calculating the square root of the value obtained from Equa-
tion (7).

©

o

In the first embodiment, the explanation is given under the
assumption that “C” is equal to two; and that the first feature
quantity is the average of the M number of angles 6., and the
second feature quantity is the standard deviation of the M
number of angles 6, However, that is not the only possible
case. Alternatively, for example, “C” can be set to six so that
the first feature quantity can be the average of the M number
of angles 8, , the second feature quantity can be the disper-
sion of the M number of angles 6,,, the third feature quantity
can be the standard deviation of the M number of angles 0, ,
the fourth feature quantity can be the largest value among the
M number of angles 6, , the fifth feature quantity can be the
intermediate value among the M number of angles 6, , and
the sixth feature quantity can be the smallest value among the
M number of angles 0, .

The second calculating unit 15 calculates a histogram that
represents the distribution (frequency) of the feature quanti-
ties calculated for each of a plurality of point sequences by the
first calculating unit 13. More particularly, the second calcu-
lating unit 15 calculates a co-occurrence histogram that rep-
resents the co-occurrence distribution of the first feature
quantity to the C-th feature quantity calculated for each of a
plurality of point sequences by the first calculating unit 13.

In concrete terms, firstly, the second calculating unit 15
performs quantization and discretization of the first feature
quantity (i.e., the average of the M number of angles 6, ) and
the second feature quantity (i.e., the standard deviation of the
M number of angles 6,) that are calculated for each of a
plurality of point sequences by the first calculating unit 13.

For example, from the first feature quantity calculated for
each of a plurality of point sequences by the first calculating
unit 13, the second calculating unit 15 identifies the range of
values that the first feature quantities can take and divides the
range into K (K=2) number of sub-ranges. Then, from among
the K number of sub-ranges, depending on the sub-range to
which belongs the first feature quantity of each of a plurality
of point sequences, the second calculating unit 15 converts
the first feature quantity into a value between 1 to K.
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In an identical manner, from the second feature quantity
calculated for each of a plurality of point sequences by the
first calculating unit 13, the second calculating unit 15 iden-
tifies the range of values that the second feature quantities can
take and divides the range into T (T=2) number of sub-ranges.
Then, from among the T number of sub-ranges, depending on
the sub-range to which belongs the second feature quantity of
each of a plurality of point sequences, the second calculating
unit 15 converts the second feature quantity into a value
between 1 to T.

However, the quantization and discretization of the feature
quantities is not limited to this example. Alternatively, for
example, a method can be implemented in which a hash
function is used to convert the feature quantities into hash
values. Still alternatively, a different quantization and dis-
cretization method can be implemented for the first feature
quantities than the quantization and discretization method
implemented for the second feature quantities. Moreover, the
values of K and T can either be same or be different.

Subsequently, from among KxT number of bins in a two-
dimensional matrix that is identified by the range of K number
of values which the first feature quantities can take and the
range of T number of values which the second feature quan-
tities can take, the second calculating unit 15 identifies the
bins for each of a plurality of point sequences in the matrix
using the quantized and discretized first feature quantities as
well as using the quantized and discretized second feature
quantities of the point sequence; and polls a value to the
identified bins. The polled value can be a value as a unit such
as “1” or can be values weighted with the length of the
corresponding point sequence. As a result, as illustrated in
FIG. 11, a two-dimensional co-occurrence histogram is cal-
culated in which the first feature quantities and the second
feature quantities represent the axes.

In the two-dimensional co-occurrence histogram, one or
more feature quantities of a plurality of point sequences con-
stituting the point sequence group are taken into consider-
ation. Hence, the two-dimensional co-occurrence histogram
represents the features of the entire point sequence group.

The output unit 17 outputs the histogram, which has been
calculated by the second calculating unit 15, either to a
memory unit installed in the feature calculation device 10 or
to an external device installed on the outside of the feature
calculation device 10.

FIG. 12 is a flowchart for explaining an exemplary
sequence of operations during a feature calculation operation
performed in the feature calculation device 10 according to
the first embodiment.

Firstly, the obtaining unit 12 obtains a point sequence
group that is a set of point sequences input from the input unit
11 (Step S101).

Then, for each ofa plurality of point sequences constituting
the point sequence group obtained by the obtaining unit 12,
the first calculating unit 13 calculates a plurality of values,
which is related to the curvature of the shape identified by the
point sequence, with the reference point of the point sequence
as the reference; and calculates a first feature quantity to a
C-th feature quantity based on the calculated values (Step
S103).

Subsequently, the second calculating unit 15 calculates a
C-dimensional co-occurrence histogram that represents the
co-occurrence distribution (frequency) of the first feature
quantity to the C-th feature quantity that are calculated for
each of a plurality of point sequences by the first calculating
unit 13 (Step S105).
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Then, the output unit 17 outputs the co-occurrence histo-
gram calculated by the second calculating unit 15 (Step
S107).

As described above, according to the first embodiment, one
or more feature quantities are calculated for a plurality of
point sequences constituting a point sequence group; and a
histogram is calculated that represents the distribution (fre-
quency) of the one or more feature quantities calculated for
each of a plurality of point sequences. Hence, in the calcu-
lated histogram, one or more feature quantities of a plurality
of point sequences constituting the point sequence group are
taken into consideration. As a result, the histogram represents
the features of the entire point sequence group (i.e., represents
the features of all sets of point sequences).

Particularly, in the first embodiment, for each of a plurality
of point sequences constituting a point sequence group; a
plurality of values, which is related to the curvature of the
shape identified by that point sequence, is calculated with the
reference point of that point sequence as the reference; and
one or more feature quantities are calculated based on the
calculated values. For that reason, according to the first
embodiment, one or more feature quantities of each of a
plurality of point sequences constituting the point sequence
group are one-dimensional in nature. As a result, it becomes
possible to reduce the volume of data. Consequently, the
features of the entire point sequence group (i.e., the features
of'all sets of point sequences) can be represented while hold-
ing down the volume of data.

In this way, according to the first embodiment, even in the
case of performing operations such as a matching operation
with the use of feature quantities that represent the features of
the entire point sequence group, it becomes possible to hold
down the processing load as well as to enhance the processing
speed.

Second Embodiment

In a second embodiment, the explanation is given for an
example in which normalization of the histogram is per-
formed. The following explanation is given with the focus on
the differences with the first embodiment. Thus, the constitu-
ent elements having identical functions to the first embodi-
ment are referred to by the same names/reference numerals,
and the explanation thereof is not repeated.

FIG. 13 is a configuration diagram illustrating an example
of a feature calculation device 100 according to the second
embodiment. As illustrated in FIG. 13, in the feature calcu-
lation device 100 according to the second embodiment, a
normalizing unit 119 is different than the first embodiment.

The normalizing unit 119 normalizes the histogram calcu-
lated by the second calculating unit 15. Herein, the normal-
izing unit 119 normalizes a co-occurrence histogram using,
for example, Equation (8).

e;'=e;/E

®)

In Equation (8), e, represents each element of the co-
occurrence histogram and e,/ represents each element of the
normalized co-occurrence histogram. Moreover, E represents
anormalization value and can be, for example, the total num-
ber of point sequences or the total length of the point sequence
group. Alternatively, E can be a length L, of the rectangular
area enclosing the point sequence group, or can be a height L,
of the rectangular area, or can be a dimension S of the rect-
angular area. In this case, if each of R number of points
included in the point sequence group is represented as (X,, ¥,);
then L, =X,,,,x =Xz, 15 satisfied, L,=y;,,0x=Y s, 18 satisfied,
and S=L,L, is satisfied. Herein, x,,,,,, represents the largest
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min FEPresents the smallest value of x,; while
Vima Fepresents the largest value ofy, andy,,,,, represents the
smallest value of'y,.

FIG. 14 is a flowchart for explaining an exemplary
sequence of operations during a feature calculation operation
performed in the feature calculation device 100 according to
the second embodiment.

Firstly, the operations performed from Steps S201 to S205
are identical to the operations performed from Steps S101 to
S105 according to the flowchart illustrated in FIG. 12.

Then, the normalizing unit 119 normalizes the co-occur-
rence histogram calculated by the second calculating unit 15
(Step S207).

Subsequently, the output unit 17 outputs the co-occurrence
histogram that has been normalized by the normalizing unit
119 (Step S209).

value of x, and x,

Modification Example

In the embodiments described above, the explanation is
given for an example in which point sequences represent
strokes and a point sequence group represents handwritten
data. However, that is not the only possible case. Alterna-
tively, for example, a point sequence can represent the move-
ment locus of a single mobile object, and the point sequence
group can represent the movement loci of a plurality of
mobile objects.

For example, if the mobile objects are balloons, then the
obtaining unit 12 obtains a point sequence group that repre-
sents the movement locus of each of a plurality of' balloons. In
order to obtain the movement loci of balloons, it is possible to
implement the method disclosed in, for example, A. Stohl,
“Computation, accuracy and applications of trajectories—a
review and bibliography,” Atmospheric Environment, vol. 32,
no. 6, pp. 947-966, 1998.

For example, each of a plurality of balloons can be
equipped with a radiosonde (an example of the input unit 11)
that is a balloon-type metrological instrument. With that, the
obtaining unit 12 can obtain, as a point sequence, the time-
series positions of each balloon measured by the correspond-
ing radiosonde; and can obtain the point sequence group.

Meanwhile, for example, if the mobile objects are persons,
then the obtaining unit 12 obtains a point sequence group
representing the movement locus of each of a plurality of
persons. In order to obtain the movement loci of persons, it is
possible to implement the method disclosed in, for example,
M. C. Gonzalez, et al., “Understanding individual human
mobility patterns,” Nature, pp. 779-782, 2008.

For example, each of a plurality of persons can possess a
device such as a smartphone (an example of the input unit 11)
that is equipped with the global position system (GPS) func-
tionality. With that, the obtaining unit 12 can obtain, as a point
sequence, the time-series positions of each person measured
by the corresponding device, to thereby obtain the point
sequence group.

Hardware Configuration

FIG. 15 is a diagram illustrating an exemplary hardware
configuration of the feature calculation device 100 according
to the embodiments and the modification example described
above. Herein, the feature calculation device 10 according to
the embodiments and the modification example described
above has the hardware configuration of a commonly-used
computer that includes a control device 901 such as a central
processing unit (CPU); a memory device 902 such as a read
only memory (ROM) or a random access memory (RAM); an
external memory device 903 such as a hard disk drive (HDD);
a display device 904 such as a display; an input device 905
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such as a keyboard or a mouse; and a communication device
906 such as a communication interface.

Meanwhile, the computer programs that are executed in the
feature calculation device 10 according to the embodiments
and the modification example described above are recorded in
the form of installable or executable files in a computer-
readable recording medium such as a compact disk read only
memory (CD-ROM), a compact disk readable (CD-R), a
memory card, a digital versatile disk (DVD), or a flexible disk
(FD).

Alternatively, the computer programs that are executed in
the feature calculation device 10 according to the embodi-
ments and the modification example described above can be
saved as downloadable files on a computer connected to the
Internet or can be made available for distribution through a
network such as the Internet. Still alternatively, the feature
calculation device 10 according to the embodiments and the
modification example described above can be stored in
advance in a ROM.

Meanwhile, the computer programs that are executed in the
feature calculation device 10 according to the embodiments
and the modification example described above contain a mod-
ule for each of the abovementioned constituent elements to be
implemented in a computer. As the actual hardware, for
example, a CPU reads the computer programs from an HDD
and runs them such that the computer programs are loaded in
a RAM. As a result, the module for each of the abovemen-
tioned constituent elements is implemented in the computer.

Unless contrary to the nature thereof, the steps of the flow-
charts according to the embodiments described above can
have a different execution sequence, can be executed in plu-
rality at the same time, or can be executed in a different
sequence every time.

As described above, according to the embodiments and the
modification example described above, it becomes possible
to represent the features of a point sequence group while
holding down the volume of data.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A feature calculation device comprising:

an obtaining unit configured to obtain a point sequence
group comprising a set of point sequences in which a
sequence of a plurality of points is fixed;

a first calculator configured to, for each of the point
sequences in the point sequence group, calculate a plu-
rality of values related to a curvature of a shape of the
point sequence, with a reference point with respect to the
point sequence as a reference, and calculate feature
quantities based on the plurality of calculated values;
and

a second calculator configured to calculate a histogram
representing a distribution of the feature quantities of
each of the point sequences, wherein

for each of the point sequences, the first calculator is con-
figured to calculate each feature quantity of one to C
(where Cz1), and
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as the histogram, the second calculator is configured to
calculate a co-occurrence histogram that represents a
co-occurrence distribution of the first feature quantity to
the C-th feature quantity of each of the point sequences,

wherein the obtaining unit is one of a touch-sensitive panel,
a touch-pad, a mouse or an electronic pen, and

wherein the point sequences constituting the point
sequence group represent a plurality of strokes entered
when a stylus pen or a finger makes contact with an input
screen.

2. The device according to claim 1, wherein, for each of the
point sequences, the second calculator is configured to poll a
value weighted with the length of the point sequence, to bins
in which feature quantities from the first feature quantity to
the C-th feature quantity of the point sequence co-occur, to
thereby calculate the co-occurrence histogram.

3. The device according to claim 1, further comprising a
normalizing unit configured to normalize the calculated his-
togram.

4. The device according to claim 1, wherein the first cal-
culator is configured to set the reference point to any one of
points in each of the point sequences.

5. The device according to claim 1, wherein the first cal-
culator is configured to set the reference point to a point other
than points in the point sequences.

6. A feature calculation method comprising:

obtaining, by an obtaining unit, a point sequence group

comprising a set of point sequences in which a sequence
of a plurality of points is fixed;
calculating, by a first calculator, for each of the point
sequences in the point sequence group, a plurality of
values related to a curvature of a shape of the point
sequence, with areference point with respect to the point
sequence as a reference, and calculating feature quanti-
ties based on the plurality of calculated values; and

calculating, by a second calculating unit, a histogram rep-
resenting a distribution of the feature quantities of each
of the point sequences, wherein

for each of the point sequences, each feature quantity of

one to C (where Cz1) is calculated by the first calculator,
and
as the histogram, a co-occurrence histogram is calculated
by the second calculator, the co-occurrence histogram
representing a co-occurrence distribution of the first fea-
ture quantity to the C-th feature quantity of each of the
point sequences,
wherein the obtaining unit is one of a touch-sensitive panel,
a touch-pad, a mouse or an electronic pen, and

wherein the point sequences constituting the point
sequence group represent a plurality of strokes entered
when a stylus pen or a finger makes contact with an input
screen.

7. A computer program product comprising a non-transi-
tory computer readable medium including program instruc-
tions, wherein the instructions, when executed by a computer,
cause the computer to:

obtain a point sequence group comprising a set of point

sequences in which a sequence of a plurality of points is
fixed;

calculate, for each of the point sequences in the point

sequence group, a plurality of values related to a curva-
ture of a shape of the point sequence, with a reference
point with respect to the point sequence as a reference,
and calculating feature quantities based on the plurality
of calculated values; and
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calculate a histogram which representing a distribution of
the feature quantities of each of the point sequences,
wherein

for each of the point sequences, each feature quantity of
one to C (where Cz1) is calculated, and

as the histogram, a co-occurrence histogram is calculated,
the co-occurrence histogram representing a co-occur-
rence distribution of the first feature quantity to the C-th
feature quantity of each of the point sequences,

wherein the point sequences constituting the point
sequence group represent a plurality of strokes entered
when a stylus pen or a finger makes contact with a touch
input screen.
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